Abstract: Air pollution caused by toxic, flammable and explosive gases, detection of some hazardous gases is impossible for human, because some gases like CO and H 2 are odourless and tasteless as well as colourless. Furthermore in some cases absolute gas concentrations is very low to be detected by human nose. Therefore development and fabrication of a device for early detection of certain flammable, explosive, and toxic gases are extremely necessary. For this purpose, different devices have been developed toward tract detection of such pollution gases. Consequently, the development of cheap and reliable devices for detection of gases is considered to be a significant goal in science. In this study, iron oxide compound triple and quaternary iron oxide compounds with Zn, Co metal dopants were grown by using Chemical Spray Pyrolysis (CSP) technique. The structural, optical, magnetic properties of Co:Fe 2
INTRODUCTION
Interest in detecting and determining concentrations of toxic and flammable gases has constantly been on the increase in recent years due to increase of industrialization. Metal oxide gas sensors are among most important devices to detect a large variety of gases. a-Fe 2 O 3 , an environmental friendly semiconductor (e.g. = 2.1 eV), is the most stable iron oxide under ambient atmosphere and because of its low cost, high stability, high resistance to corrosion, and its environmentally friendly properties is one of the most important metal oxides for gas sensing applications [1] .
In terms of gas sensor, a-Fe 2 O 3 -based sensors is widely applicable for the detection of various gases such as H 2 , O 2 , CO, H 2 O etc. However, several obstacles have to be overcome for its future application. For example, the working temperatures are still high, and the recovery time is too long. These short comings can be partly avoided or improved by depositing noble metals, by composing with other semiconductors, and, most importantly, by introducing newly developed nanostructured a-Fe 2 O 3 to the sensors. Pure a-Fe 2 O 3 gas sensors are very cheap and are show higher sensivity to ethanol and acetone, however they suffer from lack of selectivity and sometime low sensivity.
The synthesis and functionalism of low dimensional nanostructured ferric oxide (α-Fe 2 O 3 ) has fascinated the researchers due to their significant potential applications [2] . Various chemical pollutants have been released in high quantities into the atmosphere as a result of human activities and have generated environmental risks one of the critical factors that contribute to global warming, climate changes, and harm to human health. In order to monitor air pollution on a large scale, inexpensive, reliable and [3, 4] . Ferric oxide is considered to be the most promising highly sensing materials of sensors due to the temperature dependent surface morphology and photo catalytic activity [5] . For gas sensing applications, the materials having lower density and higher active surface area are challenging for the fabrication of sensors.
II. EXPERIMENTAL DETAILS
The technique of CSP without the requirement of vacuum is a method that can be preferred in the industry, in order to allow the production of large size films in both cheap. However, there are some disadvantages of films made with this technique, such as their thickness being not uniform and the size of the film-forming atoms being limited and the film in chemical solution to be grown must be homogeneous. Many parameters such as substrate, substrate temperature, the salts, solvent type, molarity and deposition time have carefully been chosen to obtain the best growth condition in this technique. The salts given in Table 1 were prepared as 0.1 molar solution in deionized water. The substrate was sprayed with argon gas onto a substrate heated to 320°C at a distance of 30 cm. (Figure 2 ). In addition, the peaks showing the ramping changes of the stretching vibration mode of the Co x Zn 1-x Fe 2 O 4 film is due to the presence of multiple phases due to polycrystalline crystal structure and also impurity, oxygen vacancies, interstitial ion [7] [8] [9] [10] [11] (Table 4) . In Figure 3 the value of the energy of the band gap is calculated to be 2.10 eV, 2.12 eV with the fit drawn on the energy graph against the (αhυ) In Figure 4a the magnetic hysteresis curve of the Co:Fe 2 O 3 thin film is observed to be relatively narrow. The saturation magnetic torque value is 55.5.10 -5 emu, which corresponds to a value of 15.94 Oe. In addition, the coercive force is -0.008 Oe and the remanence magnetic moment is 0.063. It has an emu value of 10 -5 . In these values, it has been determined that Co:Fe 2 O 3 has a soft magnetic property.
Film

Compounds
Among the various phases of iron oxide, Fe 2 O 3 is the most stable form of iron oxide that shows antiferromagnetic behaviour.
Doping of different metal ions in a-Fe 2 O 3 will lead to its new technological and industrial applications and enhancement of its performance in existing applications. Cobalt doped Fe 2 O 3 thin films showed ferromagnetic behavior because of the presence of uncompensated spins arising from cobalt dopping [11] [12] [13] [14] [15] . . When the hysteresis curve is taken into consideration, it can be said that the material exhibits hard magnetism and is difficult to demagnetize due to the Zn dopping.
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The nonmagnetic property of the Zn element affects the magnetic moment of the Zn dopping which leads to pinning spin and makes the domain motion difficult. The nano-pores found in the FE-SEM image of the CoxZn1-xFe2O4 (5 minutes grown) structure show a sharp-pointed sequence with a clearly noticeable structure. The thickened residues formed concentrated areas due to gravity. When the structure is thin, the interactions vary in thickness. The structure is arranged very regularly and is clearly observed. Thickness of the grain at the surface of the crystal is much larger than that of the crystal. The CoxZn1-xFe2O4 films roughness value is about 49 nm ( Figures 5   to 7 ). 
Figure 8: FE-SEM images and EDX analysis
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The Co: Fe 2 O 3 compound appears to have a nanoporous structure in the SEM image taken from an area of 200 nm at 210,000 magnifications taken from the inlens detector. This literature study suggests that it is suitable for supercapacitor and gas sensor application [7] [8] [9] [10] . Cl element in the EDX results are due to salts used in the solution and the Au element in the EDX results is due to the coating made to clarify the image during FE-SEM measurement. We can say the Cl element remained unvaporized due to the low substrate temperature (Figure 8 ). In Figure 9 the two-dimensional and three-dimensional AFM images obtained for the Co: Fe 2 O 3 film showed that the particles in the structure showed a more sharp image. There are pits and hills almost everywhere in the landscape resembling craters. The roughness value is about 10 nm. The variability of the colors tone indicates that the height difference in the topography is great. It is possible to say that the surface consists mostly of hills and pits.
When we get the gas sensor measure we see that Co: Fe 2 O 3 and CoxZn 1-x Fe 2 O 4 is the n type semiconductor. Because of the electrons that emerge as a result of the reaction increase the carrier concentration. Thus resistance is reduced. In Figure 10 Co: Fe 2 O 3 shows the time-dependent change in the response of the thin film to hydrogen gas, and the measurement is periodically 600 s nitrogen and 600 s hydrogen gas at 200°C. This measurement was made to evaluate the response of the thin film to hydrogen gas, and the reaction of the film to hydrogen gas was found to be very high. During the measurement periodically 600 s nitrogen and 600 s hydrogen gas were supplied to the system at 200°C temperature. The film, which did not react to hydrogen gas at room temperature, reacted at a temperature of 200°C. Nitrogen was used as the sweeping gas. In the first 600 s 500 ppm nitrogen swept system, 100 ppm hydrogen gas was then supplied and the amount of current drawn by the system increased. When the nitrogen is swept in again, the current drawn is reduced and receded to the previous level. 500 ppm for 600 s in the second cycle, 1000 ppm for 600 s in the third cycle and the current value increased with the hydrogen value.
The same gauge is repeated after 24 hours and the same result was obtained. This material is a promising material for gas sensor application. As mentioned earlier, there is a gas sensor application of the CoxZn1-xFe2O4 compound in the literature. In addition to being used for spintronic applications due to its magnetic properties, it is available in gas sensor applications due to the large surface area of the material with a thickness of 100 nm and above [6] . In Figure 11 , CoxZn1-xFe2O4 shows the time-dependent change in the response of the thin film to hydrogen gas, and the measurement is periodically 600 s nitrogen and 600 s hydrogen gas at
200°C. This measurement was made to evaluate the response of the thin film to hydrogen gas, and the reaction of the film to hydrogen gas was found to be very high. During the measurement periodically 600 s nitrogen and 600 s hydrogen gas were supplied to the system at 200°C temperature. The film, which did not react to hydrogen gas at room temperature, reacted at a temperature of 200°C. Nitrogen was used as the sweeping gas. In the first 600 s 500 ppm nitrogen swept system, 100 ppm hydrogen gas was then supplied and the amount of current drawn by the system increased. When the nitrogen is swept in again, the current drawn is reduced, but not receded to the previous level. This means that some of the hydrogen remains in the structure. 500 ppm for 600 s in the second cycle, 1000 ppm for 600 s in the third cycle and the current value increased with the hydrogen value. The same gauge is repeated after 24 hours, indicating that hydrogen is held at a lower level, which means that the hydrogen is stored in the structure, during which the hydrogen is separated from the structure in very small amounts. This material is a promising material for gas sensor application as well as promising hydrogen storage applications 100; R sensors response, I ; first current, I finally current. According to calculations made, Table 5 gives the respons of the gas sensors. 
III. CONCLUSION
This material is a promising material for gas sensor application as well as promising hydrogen storage applications. When we consider the magnetization situation, the hardest magnetization property is CoxZn1-xFe2O4 film, the softest magnetization feature is Co: Fe 2 O 3 film. It can be said here that Zn, which has no magnetic property, causes pinning which make defects in the structure difficult to move the domains. As can be seen from the VSM results, these materials can also be used for spintronic applications. 
IV. REFERENCE
